My own group would seem to be a little different and one could include Case 1 of Dr. Hill and several of Dr. Spillane's cases in the same group. The condition would seem to be some mild chronic inflammatory process judging by the histology, probably to be located in the ganglion or sensory root itself and leaving the motor root intact. The sporadic appearance of mild motor paresis in the group seems to be quite puzzling. We had thought in our series that the absence of motor involvement constituted a convenient label whereby we could exclude local involvement as by tumour, and this may well be so. On the reverse side, however, its presence does not indicate such a lesion for several of the cases reported have shown just such a paretic pattern. That the condition could be caused by the arachnoiditis itself must also be considered though I would feel, as in most of such controversies, that the arachnoidal reaction was a secondary process. I cannot do better than to label it chronic benign trigeminal paresis.
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The Central Control of Sensory Inflow By G. D. DAWSON, M.SC., M.B., Ch.B. Department ofPhysiology, University College London' Historical Background WHEN we stimulate a patient somewhere in the periphery the central effect may be judged in two chief ways. We can ask the subject to tell us if he can feel anything, and if so to describe to us the quality of his sensations; or in some cases we can make electrical records from the scalp of events following the arrival of the afferent volley in the sensory area. Neither method gives any direct evidence about how the volley of nerve impulses may have been modified on its way from the periphery to the cortex. If the lower levels of the afferent pathway are not diseased it is very tempting to assume that the incoming volley arrives at the cortex relatively unaltered. Any changes in the responses to stimulation, subjective or objective, can then be interpreted in terms of the state of the cortex. Head and Holmes (191 1) took the view that this assumption was incorrect. They argued, from the evidence of the sensory release phenomena produced by certain lesions of the lateral parts of the thalamus, that the afferent impulses had to "pay toll" on their way from the periphery to the cortex. The mechanism of this sensory release they explained in terms of destruction of the endings or connexions of the cortico-thalamic fibres described by Cajal (1909) . Through these fibres they supposed that the cortex normally exerted an inhibitory influence on the thalamus and they considered the possibility that similar inhibitory influences might be active at lower levels in the sensory pathway. However they dismissed the evidence, apart from that derived from thalamic lesions, as unsatisfactory. Until comparatively recently these ideas seem to have been largely neglected. This may have occurred in part because the development of electrical recording methods led to a concentration of interest on the mapping of the cortical sensory receiving areas in animals. If the anesthesia is deepened the only potentials then seen following the stimulus are stereotyped and can be attributed to the arrival of the afferent volley at the cortex; nothing clearly due to the discharge of cortical neurones is found and there is no spontaneous activity. In this case transmission at the synapses in the pathway below cortex is continuing when the cortex itself is failing to respond. From this it seems to have been inferred that if the cortex is working normally conditions are unlikely to be such that an afferent volley will be reduced in size or blocked at subcortical synapses. However, Adrian (1954) has pointed out that it is more difficult to record the cortical potentials due to stimulation when the anasthesia is light than when it is deeper. This led him to suggest that the deep anesthesia might have suppressed "an inhibitory activity which would check some or all of the signals at a lower level if it were operative". Fresh evidence about this possibility has become available over the last few years, largely from the work of Hagbarth and Hernandez-Peon and their collaborators, and it is chiefly this that I want to consider.
'On leave from the M.R.C. Neurological Research Unit, The National Hospital, Queen Square, London.
Personal Observations My own interest in the problem of the modification of sensory inflow arises from observations made on certain patients subject to myoclonic seizures. In these people a sensory stimulus applied to the periphery leads to an electrical response, recordable from the scalp over the sensory area, which is many times larger than that found in healthy people (Dawson 1947a (Dawson , 1947b . These responses, like those in healthy people, were largest over the sensory area appropriate to the part stimulated and had a short latency, about 20 to 25 milliseconds when the stimulus was applied to the wrist. The records therefore probably represent the events in sensory cortex at the time of arrival of the afferent volley, or soon after this, and they are quite distinct from the responses to startling stimuli or "K complexes" which have a longer latency and are largest near the vertex, irrespective of the site of stimulation. The increased size of the electrical responses in these people in whom sensory stimulation provokes myoclonus at once gives rise to a problem. Is the increase due to an abnormal response of the cortex to an incoming volley of normal size, or is the incoming volley itself increased? The possibility that the great difference in size between the responses in the healthy and myoclonic subjects might be due to a subcortical mechanism was considered (Dawson loc. cit.), but as yet all it has been possible to settle, using the methods described elsewhere (Dawson, 1950) , is that the afferent volley in the peripheral nerve stimulated is not abnormal in size. Clearly before going further in interpreting these scalp records it was necessary to get more evidence about the constancy or otherwise of the afferent volley when it reached the cortex. For this reason some investigations on animals were begun in the Physiology Department at University College.
A variety of drugs, notably chloralose, will produce acutely a state in which the animals to which they are administered jerk freely to slight sensory stimuli. This state is closely analogous to the stimulus-sensitive myoclonus found in man. Ultimately this analogy may break down but in the meantime it remains sufficiently close to encourage further investigation. A less severe form of the same state occurs at some levels of anisthesia with trichlorethylene and the rats used in these experiments have been anaesthetized with this drug. Records from the exposed primary somatic sensory cortex, which is easily accessible in the rat, show that peripheral stimuli produce potentials there which are in many respects closely similar to those which may be recorded from the scalp in myoclonic man. When the stimulating conditions are altered many of the same changes appear in the responses as are seen to occur in man. To find how far these changes may be associated with changes in the afferent volley at lower levels, simultaneous records have been made from cortex and from a needle electrode in the cuneate nucleus or dorsal column. These records strongly suggest that at some levels of anesthesia the afferent volley may be considerably modified even at the first sensory synapse. It has been found that the discharge in post-synaptic elements of the cuneate nucleus, produced by a single stimulus to a forepaw, can be reduced 50% by a preceding stimulation of the primary sensory cortex. These observations need to be repeated and extended and the snags in interpreting them are only too evident, but it is clear that no reliance can be placed on the arrival at the cortex of an unaltered afferent volley. Any evidence of similar effects elsewhere, and of how they may be produced, must clearly be taken into account. Evidence Gained from Experimental Work on Animals
The posterior column nuclei do not seem to have been extensively studied. The work of Terman (1941) showed that the volleys of impulses coming up the column of Burdach were passed through the cuneate nucleus with little or no alteration, which led him to conclude that the nucleus was a simple relay. However the animals he used were either deeply anesthetized or decerebrate, both conditions which could have removed any descending influence on the nucleus. Amassian (1950) confirmed Terman's findings and concluded that under the an2esthesia he was using interaction between two volleys produced by peripheral stimuli was slight at or below the level of the cuneate or gracile nuclei. He did however show clearly that a preceding stimulus to part of the sensory cortex, under light Dial anesthesia, could partially block the response of other parts of the sensory cortex to stimulation of a peripheral nerve. This blocking he considered was occurring at the level of the thalamus. Later Amassian and De Vito (1954) showed that blocking might occur in the cuneate nucleus if a second stimulus followed a first by a short interval, but the degree of the blockage seemed to be related more to the closeness of the stimuli than to any descending controlling influence. Adey, Segundo and Livingstone (1954) studied the effect of cortical stimulation on the conduction of volleys through the brain-stem and showed that it could be either increased or reduced. However it is not clear what were the structures involved, but it seems that they were not the specific afferent pathways. A short report by Scherrer and Hernandez-Non (1955) suggests a different picture. They report that in curarized 532 unanesthetized cats, the response in post synaptic elements of the gracilis nucleus after a single stimulus to the posterior columns at a lower level, could be greatly depressed or abolished by stimulation at the same time of the sensory cortex or the reticular formation of the brain-stem. Here we may note that Walberg (1957) , working in Brodal's laboratory, has recently shown that ablation of various parts of the sensory cortex produces degeneration of fibres terminating in the cuneate nucleus on either side. It therefore seems likely that there are pathways descending from the cortex to the posterior column nuclei without any synaptic interruption in the brain-stem.
One of the most important contributions to this subject is probably the paper by Hagbarth and Kerr (1954) . These authors, who also studied the centrifugal fibre systems in the olfactory pathway (Kerr and Hagbarth, 1955) , found that the volley ascending the ventral columns following a stimulus to a posterior root, could be reduced below the level of detectability by simultaneous stimulation of sensory cortex, cerebellum, or brain-stem reticular formation. A similar reduction of post-synaptic activity was found in the trigeminal sensory nucleus by Hernandez-Peon and when they stimulated cortex and elsewhere. Here again an anatomical basis for the effect has been shown by Brodal, et al. (1956) who have described degeneration of fibres in various parts of the sensory trigeminal nucleus following cortical ablations. In all these experiments the authors stress two points. First, that the effects produced by the conditioning stimuli were always reductions or depressions of the afferent volleys. They concluded that the.normal state was for the afferent inflow to be checked constantly by a tonic activity descending from cortex, cerebellum or brain-stem. Secondly they emphasized that this controlling mechanism is very sensitive to anesthesia and is one of the first functions to fail as it is deepened. This last finding may account for the failure of earlier workers to detect these effects.
It is natural to ask how these alterations in the afferent volley at the first sensory synapse fit in with the normal behaviour of the intact animal. The evidence here comes largely from the work of Hernandez-Peon et al. (1957) who examined the effect on the specific sensory responses of changing attention. With electrodes implanted in the visual and auditory areas in cats, and also in various subcortical situations, they were able to study the cortical responses to one or more stimuli whilst the cats were unanxesthetized and unrestrained. The results show that the responses to a flashing light recorded from the occipital cortex were almost abolished when the animal was given fish to smell. At the same time as this reduction was found in the cortical responses these authors state that the afferent volleys in the optic tract and at higher levels in the optic pathway, were reduced as well. The reduction of cortical activity is therefore apparently in part at least due to a reduction of afferent inflow. Their work also suggests that if an auditory stimulus is repeated until it has lost any significance for the animal, the diminution which is then seen in the response of the auditory cortex is associated with a reduced afferent inflow.
Responses in Man
We may well here turn our attention to man again. One of the most notable features of the cortical responses to sensory stimulation, and I refer now to the responses of the specific sensory areas which have a short and relatively constant latency, is their great variability in size and form. When it was assumed that the afferent volley arriving at the cortex was relatively constant in size, this variability of the responses was attributed to changes in the state of the cortex associated with its spontaneous activity; the size of the response was thought to depend on the events in cortex at, or shortly before the arrival of the afferent volley. Such effects may indeed occur, it will not be easy to exclude them, but it is clear that alterations in the size of the afferent volley may be of at least equal importance. So far as the responses in man to somatic stimuli are concerned no factors clearly correlated with the variations in their size have yet been found. This may be due to the difficulty of concentrating attention on a somatic stimulus for several minutes continuously. To record the responses in a healthy person it is usually necessary to average or integrate 100 or more responses and the rate of stimulation can rarely be faster than once or twice a second (Dawson, 1954) . However during some work with Dr. W. A. Cobb on the responses in the occipital regions to bright flashes of light, it was found that these responses could be modified in a repeatable way by direction of the subject's attention. When he gazed into a blank field the second, negative going, phase of the response remained small; but when his attention was concentrated on a small red light in the middle of the field this second phase of the response was considerably enlarged and the first, positive going, phase probably shortened. When attention was distracted from the visual field, as for example when someone came into the laboratory and began talking, it appeared that the occipital responses to the flashes were reduced in size. No satisfactory records of this last effect were obtained as the responses were being recorded and averaged over a period of some minutes; apparently the interest of the conversation was not sufficient to keep the subject's attention for the 533 whole of this time. I believe that Dr. M. Jouvet of Lyons has had the opportunity at operation of examining in man the potentials in the optic radiation following a flash of light in the eye. He found that the direction of attention altered the afferent volley in the optic pathway, subcortically, so it seems fair to ascribe a good part of the changes in the responses I have recorded through the skull to changes in the afferent inflow to the cortex.
Further evidence about the regulation of afferent inflow to the cortex in man comes from the work of Hagbarth and Hojeberg (1957) who made records during an operation from electrodes in the white matter below the sensory cortex. They showed that the afferent discharge to the hand area of the cortex was greatly increased when the depth of the barbiturate anaesthesia was increased. This appears to confirm the finding in animals that the tonic inhibitory influences acting on sensory synaptic transmission are reduced even by light anmesthesia. In unanesthetized subjects they were unable to detect any afferent discharge to the cortex with the methods then available, so they were unable to examine the effects of distraction of attention. These observations are of some interest in connection with routine EEG examination where there has for some time been an apparent conflict of ideas. On the one hand it has seemed that abnormalities could best be evoked from the record by stimulating the patient with a flashing light or sudden noises; on the other if the patient is left quiet and put to sleep with a sedative this also has seemed to be effective. If one of the first effects of barbiturate hypnosis is to increase the afferent inflow to cortex, and its depressant effect can be kept minimal, these two approaches to evoking latent abnormalities in the EEG may not be so divergent as has soitnetimes appeared. Clearly the effects in man of light anesthesia or sedation on the cortical evoked potentials will repay further study.
If we accept the idea that there is a continual descending influence checking the afferent inflow to cortex, and that the withdrawal of this control may be the cause of the increase in size of the cortical responses to sensory stimuli in some kinds of myoclonus, does this give us any help in deciding where the lesion or abnormality may-be in these;'cases? Probably not, because the evidence from animal experiments suggests that the controlling' effect may be produced by activity in cortex, cerebellum or brain-stem. This itself is of some interest because of the many sites which have-been incriminated and in which pathological conditions have been found when myoclonus has been a symptom.
In the cases of Dr. E. A. Carmichael's that I have had the opportunity of examining Dr. Greenfield felt that the cerebellar abnormalities were probably the dominant ones. On the other-hand Watson and Denny-Brown (1953) emphasize that they consider a diffuse cortical pathology to be a necessary condition for the occurrence of myoclonus. Here we can recall that Head and Holmes felt that the reason release 'like that of the thalamic syndrome did not occur with localized cortical lesions was probably that the cortico-thalamic fibres had a widespread origin; it was therefore unlikely that the release would occur unless the cortical lesion also was widespread. Others have described lesions in the brain-stem and the cerebellar peduncles. Any of these findings might be compatible with the idea that the excessive cortical discharges in myoclonus are due to a failure of the normal restraining influence on the afferent inflow to the cortex.. None of them need occasion surprise until more precise knowledge is available about the pathways involved and their characters. CONCLUSION One can hardly leave the subject of the control of sensory inflow without some speculation about the states of hypnotic and hysterical anmsthesia. It has perhaps been natural to look on these conditions as being concerned only with the very highest levels of activity in the nervous system. But it now seems that while the actual inititation of a switch of attention may occur at a high level, the process of reducing the inflow in one modality, or in some part of that modality, and of increasing the inflow through another modality, is perhaps carried out at almost the lowest level in the afferent pathway. The possibility then arises that in a state of hypnotic anaesthesia the afferent inflow may be reduced or blocked at the first sensory synapse. Although some information is available about the effect of hysterical anesthesia on the blocking of the alpha rhythm in the EEG by tactile and other stimuli (Titeca, 1940) there does not seem to be any information about the effect on the evoked potentials in the primary sensory areas. This would clearly be of considerable interest as an indication of the level at which sensory block, if any, occurs in these conditions.
For some time we have had available the ideas which were implicit throughout Head and Holmes' paper, and which were explicit in several places in it. We now have physiological evidence of the existence of these mechanisms for the control of sensory inflow in animals, perhaps in man also. It therefore seems that in studying alterations of sensibility, or the central physical effects of stimulation, the effects on the afferent impulses of lesions remote from the direct sensory pathway must be considered and possible gross alterations in the size of the afferent volley reaching the cortex must be allowed for.
